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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

TECHNICAL NOTE NO. 389, -

PRELIMINARY BIPLANE TESTS IN THE
VARIABLE DENSITY WIND TUNNEL.
By James M. Shoemaker.

Summary

Biplane cellules using the N.A.C.A.-MB airfoil section
have been tested in the variable deunsity wind tunnel of Fhe
National Advisory Committee for Aeronautics. Three cellules,

. 41ffering only in the amount of staéger, were tested at two alr
densities, corresponding ‘%o pressures of one atmosphere and of
twenty atmospheres. The range of angle of attack was from —3°
to +48°. The effect of stagger on the 1ift and drag, and on
the shielding'effect of the upper wing by the lower at high an-

gles of attack was determined.
Introduction

Confirmations of the biplane theory, and the various empir-
ical biplane corrections in general use, have for the most part
been obtained in atmospheric wind tunnels. The present series of
tests was conducted in order to find what effect the dynamic
scale has on the aerodynamie characteristics of biplane cellules
similaxr to those in general use, and to determine the advisabil-

ity of = more extended biplane research in the variable density
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wind tunnel.. It was also desired to find the effect of positive
stagger at large angles of attack, for use in the study of
stalled flight and tail spins.

Method and Apparatus

Two duralumin models of the N.A.C.A.-MB airfoll, having 5-
inch chord and 30-inch span, were assembled on duralumin N-struts
to form the hiplane cellule. Three sets of N-struts, designed to
give staggers of zero, 15 degrees and 30 degrees, were uséd. As
will be seen in Figure 1, the airfoils were made with tralling
edge flaps. The flagp hinges were pinned in the neutral position
for these teste, giving the normal M6 airfoil except for the
slight groove at the hinge.

The model was mounted in a manner similar to that generally
- used in this tunnel, described in Reference 1. In order to reach
angles of attack of 48 degrees, the vertical supports were hinged
at points 15 inches helow the point of attachment to the lower
wing of the cellule. Streamlined shields fastened to the tunnel
floor were placed over the part of the supports below the hinge.

Two Tuns were made on the cellulé for each set of N-struts,
using pressures in the tank enclosing the tunnel (Reference 1)
of cne atmoéphere and twenty atmospheres. The angle of attack
was varied from -3° to +33° by 2° intervals, and from +32° %o
+48° vy 4° intervals. Since the counterweight on the drag bridge

of the balance (Refererce 1) was insufficient for the drags ob-
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tained at the higher angles, the twemty-atmosphere runs were
made in two parts. The first, with the normal counterweight
covered the lower angles, up to values of the gross drag of 45
kg (99.2 1b.). For the second part an additional counterwelight
of 50 kg (110.2 1b:) was placed on the drag bridge, and the test
continued to 48° angle of attacks. The usual dabta, permitting
computation of 1ift, drag, and pitching moment coefficients were

obtained for each angle of attack.
Reaults

The data from the tests, reduced to absolute coefficients,
will be found in Tables I to VI, The curves of Op, and L/D,
plotted against 1ift coefficients as o;dipgtes, are given for
the one-atmosphere tests in Figure 2, and for the twenty-atmos-
phere tests in Figure 3. Since the drag coefficients become
very large at the higher angles, these figures only show the
drag curves to a few degrees past the burble point. The "true'
palar curves, i.e., with equal scales of 1ift and drag coeffici-
ents, will be found for the full range of angles in Figures 4
and 5. The curves of Oy plotted against 1ift coefficient are
given in Figure 8.

Using the Prandtl correction for the tunnel walls (Refer-

ence 3):

01F 8 (1 LK N

On, = -
P17 T v 2 D° /
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where - Cpy = 1induced drag coefflcient

“GL = 1ift coefficient

D = throat diamefer of tunnél = 80 in.
S = area = 300 sqg.in.

k = ‘biplane coeificient = 1.11

b = gpan = 30 in.

Then the induced drag coefficient

CLa 8 s
‘o1 T -(ka b"-znz>

Substituting the above values '

Cr? 0p2 .
Gni = (.?2?4) = E;ﬁEQBSB} L
the induced drag of the biplane in free alr is
o o (017 8 |

—_—

This data is then directly applicable to a biplane in free

air for which

S_ -
"_b_r'z' = 0282

The aspect ratio of ore wing of a biplane with equal wings

2 .
ig 2 g , therefore the aspect ratio of one wing of the equivaw
lent biplane in free air is —2-x = 7.10.

« 282
The value of k, which depends upon the span-gap ratlo, 1s
taken from empirical data (Reference 3). Since 4 constant k is
agssumed the span-gap ratio of the equivalent biplane in free air

will also be 8, the same as that of the wind tunnel model.
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The curves of profile drag coefficient computed from the
twenty atmosphere tests plotted against 1ift coefficient are
shown in Figure 7. On this sheet is plotted also the profile
drag coefficient for an M6, 5" X 30Y, monoplane tested at ap-
proximately the same Reynolds Humber. The equations used %o
obtain the profile drag, corrected for tunnel wall effect by the
Prandtl formula (Reference 3) are:

‘Profile drag coefficlent = GDP = Op - Opy
Cp (for the biplane) = g—~—~—— (1 - 53—~
1 RS 2D

0
Op; (for the monoplane) =

Values of S, b?®, and D are the same as given above; St
for the monoplane = 150 sqg.in. ch is plotted for each of the
biplane arrangements using k = l.1l. TFor the condition of
zero stagger an is also plotted!using k = 1.15, as is ex-
plained below.

Discussion

Figures 3 and 3 show that the drag coefficient, over the
useful range of the airfoil, becomes greater with increasing
stagger. This is particularly true at the higher 1ift coeffici-
ents, which indicates that stagger increases the induced drag,
probably because of the dowawash of the upper wing affecting the

lower wing more as the latter is dlsplaced aft. The dynamic
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scale seems to have little effect on this phenomenon.

The order of maximum 1ift coefficient of the cellules is re-
versed by increasing the scale from that of the one atmosphere
test to that of the twenty. The unstaggered cellule shows the
greatest maximum 1lift coefficient at twenty atmospheres while the
cellule with 30° stagger shows the greatest at one atmosphere.

At very large angles of attack the 1ift coefficient and drag co-
efficient both are increased by increasing stagger, regardless

of the scale of the test. This 18 to be expected, since increas-
ing stagger decreases the amount of shielding of the upper wiang
by the lower, thus increasing the resultant force.

The coefficient of the moment about the quarter point of

' the mean chord of each cellule is nearly constant over the useful

range of the 1lift coefficient. Un account of the stable charac-
teristics of the M6 airfoll the moment coefficient is very small
in all cases. Increasing stagger has the effect of displacing
the moment coefficient in the positive direction, for the range
in which Cy 1is appro#imaxely constant. This is no doubt caused
by the downwash of the upper wing acting on the lower, giving an
effect somewhat like that of negative decalage.

Pigure 4 shows that the profile drag coefficient of the two
staggered cellules, obtained by using the value 1.1l for Kk,
sgrees very well with test of the MB monoplane. At values near.
zero 1ift the GDp of the biplanes is higher than that of the

monoplane, probeably becaunse of the drag and interference of the
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N-struts, for which no correction has been made. Accurate deter-
nination of the profile drag coefficient at the higher 1ift coef-
ficients is more difficult, and the consequent scattering of
points is of the same order as this difference at zero 1lift;
however, the curves lie very close together until maximum 1ift is
approached. Thg agreement justifies the assumption of this value
of k for the two stoggered cellules, since the experimental
method of determining k congists of choosing one which will
give o profile drag curve checking that of a monoplane of the
section in question.

 The unstaggered biplane, however, using k = 1.11, shows
8 much lower profile drag than the mogoplane or the staggered
biplanes, for the range of Cj Dbetween .5 and 1.3. The discrep- .
ancy, which increases with increasing 01, is so large that ap-
parently the value of k = 1,11 gives too great induced drag
for this cellule. The value of k required to bring this curve
_into agreement with the others was determined, and found to be
1.15, which is about the same as the theoTetical maximum Value
of" k for span-gap ratic 6 given in Reference 3. Using this
value the profile drag curve of the unstaggered cellule sgrees
very well with those of the staggered cellules using k ='1l.11,
and of the monoplane. Consequently, it is only reasonable to
conclude that the area of the equivalent air stream is actually
- larger for the unstoggered cellule than foxr those with stagger,
resultling in a lower induced drag for a given 1ift coefficient.
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Conclusions

The results of the twenty atmosphere test are directly appli-
cable to o full scale bipiane in free air of span-gap ratio 6,
and aspéct ratio Bf each wing of 7.10. They include the drag
and interference of two N-struts. |

While this set of tests is.not sufficiently complete to be
canclusive, 1t gives the following indications: that positive
stagger increases the induced drag; that it decreases the maximum
1ift at Reynolds Numbers near full scale; and that it displaces
the moment coefficient in the positive direction. Since these
conclusions concerning 1lift and drag are directly contrary to
the empirical corrections mow in general use, further data is de-
sirable, and a more extensive resgearch on biplanes with various
combinatlons of gap, stagger, and decalage willl be made in the

variable density tunnel in the near future.

Langley Field, Va.,
April 6, 1927,

fody Qe 1928 7
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M8 biplane

Zero stagger

Av, tank press. = 1 atm.

Av. dynamic press.=25.3 kg/m?
Av. Reynolds Number = 173,000
Av. temperature = 19°0.

TABLE I.
Span = 30 in, §76.2 cmg
Chord = 5 in. (13.7 cm
Gap = 5 in. (13.7 cm)

Effective aspect ratio=7.10
Area = 0.1938 m® 200m*

Date = Nov. 34, 1936.

Angle of Lift Drag Ratio Moment
attack coefficient coefficient coefficient Oy
degrees 0L, Cp L/D (about 35% mean

’ .chozd)

-3 - 044 +,0330 ~2.00 -.012

0 +,056 0186 +3.01 -.024

+2 303 . 0189 10.75 +,001

4 . 358 . 0247 14.41 -4 007

6 472 .0334 14.56 -,018

10 . 785 « 0547 13.35 +.,017

12 1814 . 0689 11.81 —. 007

14 . 8E6 .0830 10.79 +.011

16 » 201 .0984 2.06 .000

18 , 888 «1498 5.93 -.033

20 <810 « 2300 3.53 —-.Q85

22 .718 . 3909 3.47 -.088

34 .893 . 3392 2.10 -.095

26 .B875 « 3643 " 1.85 -+ 107

28 .875 . 3951 1.71 ~s11l4

30 . 884 « 4380 1.56 —o1235

36 711 w5526 1.39 -.154

40 .898 .6143 l1.14 -.158

+48 +,598 +.,8992 + .85 ~,198
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TABLE II.
M8 biplane Span = 30 in. (76.3 cm;
Zero stagger \ ChOrd = 5 in. (1247 om —
Av, tank press. = 21.0 atm. 5 in, (1247 om)
Av. dynamic press. = 553 kg /m? Effeotive aspect ratio=7.l10
Avs Reynolds Number = 3,400,000 Area = 0,1836 niP
Av, temperature = 39°C. Date = Nov. 34, 19236.
Angle of Lif¢ Drag Ratio Moment
attack, coefficient |coefficient coefficient Oy
degrees oL Cp L/D (about 35% mean
' chord)
-3 -,085 +.0143 -5,94 -.016
'O +. 043 3018? +5- 38' -e 005
+2 164 .0143 11.55 -+ 001
e 424 . 0246 17.24 +.,014
8 . 547 , 0331 168447 +.0123
10 878 . 0454 14.86 +.003
13 .800 .0583 13,72 +,008
14 917 .0743 13,37 -+ 003
18- 1.037 . 00486 10:98 \ +,003
20 1.335 .1362 9 03 +.,015
33 1,242 « 1762 706 +.007
a4 1.1858 . 3497 4:73 ~e 053
36 1.063% . 3199 3¢32 -+ 067
28 » 940 « 3648 2680 ~e 0973
30 ‘. 805 04121 2 lO —.112
33 . 739 <4432 164 -a117
38 . 757 « 5877 1.38 —-.1l44
44 . 645 Iy 6508 . 99 LY 129
+48 +.575 +,6588 +.88 -+ 107
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TABLEY III.
M6 biplane Span = 30 in. 576 .2 cmg
15° stagger Chord = 5 in. (12.7 om
Av. tank press. = 1 atm. Gap = 5 in. (13.7 om)
Av, dynamic press. = 25.2 kg/m® Effective aspect ratio=7.10
Av. Reynolds Number = 173,000 Area = 0.1936 n®
Av. temperature = 30°C. Date = Dec. 3, 1936.
Angle of Lift Drag Ratio Moment ,
attack | coefficient | coefficient coefficient Oy
degrees 0L Cp L/D (about 35% mean
chord)
-3 - 044 +.0229 -1.93 -, 010
+3 .83l Ja231 10.00 -+.003
4 . 387 .0286 12.40 -.008
6 . 498 0363 13.66 +4011
8 4 .61'_7 .04?3 13. 05 b 014
10 « 733 0595 12,30 -.029
12 .823 .0739 11.12 ~.032
14 .00 . 0908 8.80 +.003
16 .833 1058 8,80 +.,003
18 .232 1515 6.09 -.018
20 . 834 «3379 3.68 —-. 048
23 . 784 « 3004 2.61 -+ 080
24 .748 .3521 2.12 -.132
26 .755 . 3899 1.89 ~.155
38 733 4311 1.70 -.163
30 739 .4730 1.57 ~.160
33 746 . 5088 1.47 -.178
36 . 753 . 5958 1.36 ~e232
40 754 8713 1.13 ~e259
44 714 L7341 .97 ~.269
+48 +.679 +.7993 +.85 ~.2385
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TABLE IV.
M6 biplane Span = 30 in. 276 .3 cm;
15° stagger Chord = 5 in., (18.7 om
Av. tank press. = 30,8 atm. Gap = 5 in. (12.7 onm)
Av, dynamit press. = 581 kg/m3 - Effective aspect ratlo=7.10
Av. Reymolds Number = 3,510,000 Area = 0.1938 m®
.Av. temperature = 34°C. Date = Dec. 3, 1926,
Angle of Lift Drag Ratio Moment
attack coefficlent | coefficient coefficient Oy
degrees By, Cp L/D (about 35% mean
R L _ chord)
-3 ' -.073 ++0140 -5.14 -.008"
0 +.0658 L0128 +4.08 - 003
+3 175 L0143 12,30 .000
4 « 300 .0183 16.50 +.011
6 431, .0348 16.98 +.007
8 . 541 0341 15.90 +.005
10 871 .0483 14,49 +,008
13 .785 .0589 13,11 +.008
14 .897 .0759 11.83 +.,017
16 1,018 +Q855 10.84 +.035
18 1,110 4 - _1148 9.87 +.003
a3 1.183 .1856 8.33 —.027
24 1.164 .2283 5.14 -.033
a6 1.083 .3953 3.67 —. 069
28 1.001 . 3434 2.923 . =074
30 . 884 —— - -, 084
33 .838 «463 1.82 T =.161
36 . .788 . 546 1.44 f,168
40 773 . 8465 1.20 -.183
44 733 « 7018 "1,03 -85
+48 . +.660 +, 7444 +0.89 - 174
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TABLE V.
M6 wiplane Span = 30 in. $?6.2 cm;
30° stagger Chord = 5 in. (18.7 om
Av, tank press. = 1 atm, Gap = 5 in. (12.7 cm)
Av. dynamic press. = 25.8 kg/m2 Effective aspect ratio=7.10
Av, Reynolds Number = 175,000 Area = 00,1836 m=
Av, temperature = 18°¢C, Date = Dec. 7, 19286,
Angle of Lift Drag Ratio Moment
attack coefficient | coefficient coefficient Oy
degrees Oy, Cp L/D (about 235% mean
chord)
-3 - 043 +.0353 ~1.66 -.001
0 +.071 G195 +3.84 ~.008
+3 .315 .0338 9.04 +.004
4 . 363 . 0286 12.69 - 007
S} 501 . 0388 12.91 +.018
8 .819 . 0486 13,47 -, 019
10 . 741 .0899 10.30 -.005
13 848 .0839 10.08 +,031
14 .908 . 0998 910 +,030
16 «935 « 1861 7.41 -+ 010
18 «868 « 3083 4.21 —e 040
20 «837 « 3450 3.42 -, 066
23 .835 .2974 2.77 ~.085
34 810 . 35923 235 —e135
a8 804 « 4361 1.89 —e162
28 . 798 «4681 1.71 —el45
30 797 . 5086 1.58 —e.209
32 « 801 . 5473 1.46 —+203
38 » 804 «8365 1.26 -e350
40 805 « 7345 1.11 —eR376
a4 .786 .8036 .98 ~.203
+48 +,753 +,8838 +.85 —e 368
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TABLE VI.
M6 blplane Span = 30 in. 276 .2 cmg
30° stagger Chord = 5 in. (12.7 cnm
Av, tank press. = 20.768 atm. Gap = 5 in. (12.7 cm)
Av, dynamic press. = 808 kg/m= Effective aspect ratio = 7.10
Av. Reynolds Number = 3, 880,000 Areg = 0.,1836 m*® .
Av. temperature = 2392°0. Date = Dec. 7, 1926.
Angle of Lift Drag Ratio Moment
attack coeffioient | coefficient coefficient Oy
degrees 0y, Cp L/D (about 25% mean
- chord)
-2 -. 069 +.0138 -5.0 +.0023
0 +.043 0131 +3.4 013
4 « 331 ».02300 16.1 031
8 « 4563 ,0276 le,4 .032
8 . 578 . 0379 15,24 . 033
10 710 . .0515 13.81 .032
12 .830 .0686 12.5 .085
14 .954 . 0865 11.05 .017
16 1.083 .1062 10.00 028
18 1.181 .1308 8.87 +,006
20 1.182 « 1761 .71 -.005
22 1,180 »2311 5.02 —.043
24 1,134 . 3707 4,19 -.068
26 1.080 . 3188 3.38 -.083
28 1,014 . 3894 2.80 -.141
30 984 . 4495 2.19 —-.185
32 ,.927 « 5093 1.82 -.171
36 .864 .6052 1.43 -«305
40 .812 .8940 1.17 —-.239
44 778 " 7587 1.023 —e,385
+48 +¢738 +.82397 +.89 - 343
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TABLE VII.

Table of Ordinates
N.AQG.A.—M6 AirfOil

Station Ordinate in % chord
chord from
L.E, Upper Lower
0 .00 .00
1-1/4 +1.97 -1.78
3-1/2 2.81 ~3.30
5 4,03 -2.73
7-1/2 4.94 ~-3.03
10 5.71 -3,24
15 8.82 ~3,47
20 7455 -3.62
30 8.22 ~3,79
40 8.05 ~3.90
50 7.26 -3,94
80 8.03 -3,82
70 4.58 ~3.48
80 3.08 ~2.83
90 1.55 -1.77
95 .88 -1.08
100 +426 - .26

15
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